on behalf of the M74 study team Abstract Background: Promoting active travel is an important part of increasing population physical activity, which has both physical and mental health benefits. A key benefit described by the then Scottish Government of the five-mile M74 motorway extension, which opened during June 2011 in the south of Glasgow, was that the forecast reduction in motor traffic on local streets would make these streets safer for walking and cycling, thus increasing active travel by the local population. The aim of the study was to evaluate the impact of new motorway infrastructure on the proportion of journey stages made actively (cycling or on foot) by individuals travelling in and out of the local area. Methods: Data for the periods 2009-10 and 2012-13 were extracted from the Scottish Household Survey (SHS) travel diaries, which record each journey stage made during the previous day by a representative sample of the Scottish population aged 16 and over. Each individual journey stage was assigned to one of the following study areas surrounding existing and new transport infrastructure: (1) an area surrounding the new M74 motorway extension (n = 435 (2009-10), 543 (2012-13)), (2) a comparator area surrounding an existing motorway (n = 477 (2009-10), 560 (2012-13)), and (3) a control area containing no comparable motorway infrastructure (n = 541 (2009-10), 593 (2012-13)). Multivariable, multi-level regression analysis was performed to determine any between-area differences in change in active travel over time, which might indicate an intervention effect. Reference populations were defined using two alternative definitions, (1) Glasgow City and (2) Glasgow and surrounding local authorities. Results: The results showed an increase in the proportion of journey stages using active travel in all study areas compared to both reference populations. However, there were no significant between-area differences to suggest an effect attributable the M74 motorway extension. Conclusions: There was no clear evidence that the M74 motorway extension either increased or decreased active travel in the local area. The anticipation by policy makers that reduced motorised traffic on local streets might increase journeys walked or cycled appears to have been unfounded.
Background
Increasing the proportion of journeys which are walked or cycled ('active travel') is an important component to increasing population level physical activity, which can translate into physical and mental health benefits of significant magnitude [1, 2] . A recent review described the potential effect of increased walking and cycling in urban England and Wales on the National Health Service (NHS) could lead to a saving of approximately £17billion through the reduced prevalence of diseases associated with physical inactivity, if the combination of impacts found in local area studies were immediately realised across this area and maintained for a 20 year period [3] . Besides the health benefits of increasing the number of active journeys, walking or cycling as opposed to motorised transport, is a sustainable transport mode which has environmental benefits in terms of reducing population carbon footprint and air pollution in urban cities [4] .
There is some evidence of a beneficial relationship between the built environment and physical activity [5] . 'Physical Activity and The Environment' guidance published by the UK National Institute for Health and Clinical Excellence (NICE) in 2008 [6] , and updated during 2014 [7] , recommended that when developing or maintaining streets and roads, that pedestrians, cyclists, and other transport modes involving physical activity should be given the highest priority. In the UK the prioritisation of pedestrians and cyclists in urban areas is patchy, partially due to the dominance of motor vehicles, and society's dependence upon a transport network designed for cars [8] . However, constructing more 'active' environments alone may not ultimately be enough to produce increases in active travel levels, particularly for commuter journeys [9] and in deprived urban populations [10] . Therefore it is important that new infrastructure designs are supported by evidence to ensure effectiveness.
In June 2011, a new 5 mile motorway extension, the M74 extension, opened in the South of Glasgow, UK; a city of 599,650 residents [11] . The extension, which is mainly raised above existing roads and dwellings, cost approximately £800 million and crosses a largely urban residential area. An independent local public inquiry in 2003 considered the arguments for and against construction and concluded that the claimed benefits were likely to be 'ephemeral' , that the new motorway 'would be very likely to have very serious undesirable results' for local communities, and therefore recommended against the proposal [12] . Nevertheless, the construction went ahead. One of the key strategic and economic objectives for the construction of the motorway extension was to relieve congestion on local streets and allow priority for public transport, cyclists and pedestrians [13] . Negative impacts of the motorway were anticipated by the Scottish Government, such as undesirable disruption for cyclists and pedestrians on the main feeder lanes to motorway junctions due to increased traffic [12] . The project contained no specific investment in new cycling and walking infrastructure other than artwork and some feature lighting under new and existing M74 bridges [13] , but there was other on-going citywide investment during the study period. Other significant investments in the city were linked to the hosting of the 2014 Commonwealth Games, regeneration schemes in the South of the city (such as the Clyde Gateway), and on-going investments by Glasgow City Council and cycling charities. However, quantifying specific impacts of these infrastructure changes for the area surrounding the M74 extension is problematic, highlighting a limitation of natural experiments of this kind.
The aim of this study was to evaluate the effect of the M74 extension on the proportion of journeys stages using active travel (cycling or by foot) for local residents living adjacent to it. The main objectives of the study were:
1. Evaluation of the impact of the M74 extension on changes in the proportion of active journey stages (cycling or by foot) over time. 2. Compare changes in active journey stage by individuals travelling in and out of the intervention area (surrounding the M74 extension) with change in a comparator and control area.
Methods

Survey data
Travel diary data were obtained for the complete Scottish Household Survey (SHS); the SHS is a nationally representative rolling cross-sectional survey conducted with adults aged 16+ selected from a cluster-random sample of households in Scotland [14] . Face to face interviews were conducted to obtain socio-demographic data and the participant self-completed a travel diary which details all journey stages completed during the previous day. Data collected include start, end, purpose, distance, and mode of travel for each stage. Journey distances were calculated using straight-line distance between stage start and end point by Transport Scotland (http://www.transportsco tland.gov.uk/system/files/uploaded_content/documents/re search/Distance_in_the_Travel_Diary.pdf).
Travel diary data were provided by the SHS for the period 2009 to 2013 for all areas of Scotland and aggregated to the stage start, stage end, and participant residential Scottish Intermediate Zone. This is a geographical polygon area based on home address of each participant (Groups of approximately 4000 household residents which respect physical boundaries and natural communities, have a regular shape and contain households with similar social characteristics [15] ).
Active travel
Each travel diary is divided into individual journeys phases to represent different 'stages' of a journey (i.e. walk to bus stop, travel on bus, and walk to destination describes three journey stages). For the purpose of our analysis, active travel was defined as a stage that was either walked or cycled; all stages were included regardless of the purpose of the journey and 'active travel' was an attribute assigned to each stage of each journey. A stage is assigned to a study area if either the origin or destination is within its boundary. The SHS dataset report only the following two active transport modes: walking or cycling. This is a limitation of the SHS dataset.
Design and study area definition
This study was a component of a larger evaluation which included assessment of impact on road traffic injuries, community perceptions and wellbeing [16] . This design included the identification and use of three study areas; the local area surrounding the new motorway in the South of the city (intervention area), a residential area surrounding an existing motorway (the M8) in the East of the city (comparator area), and a residential area without a motorway in the North of the city (control area). The study areas will be referred to as North, East and South hereafter. A 1000 metre (0.6 mile) buffer was created around each of these linear transport structures to define the three study areas and Scottish Intermediate Zones either fully or mostly contained within this area were assigned to each study area (Fig. 1) ; for the South study area the River Clyde was used as a natural edge. For this study, changes in active travel over time were compared between these three study areas.
We selected a much larger reference area to provide an indicator of broader secular changes in travel behaviours; the area covered by Glasgow City Council and surrounding local authorities. The area was selected due to the intervention area crossing more than one local administrative authority, and also because it provided a mix of both rural and urban geographies, and road networks for comparison.
To compare active travel, pre-and post-intervention, data were pooled for the period 2009/10 (pre-intervention) and 2012/13 (post-intervention). Although data were also received for 2011, the month of interview was not recorded within the survey dataset and it was not possible to assign these responses to either the 'pre' or the 'post' condition.
Statistical analysis Descriptive statistics
Summary statistics described population characteristics in terms of age, gender, self-reported health status and employment. The proportion of stages that were made by active modes was described for all populations. Descriptive statistics provided for both the people sampled, and for all journey stages.
Multivariable, multi-level models Changes in active travel over time
Logistic regression models were fitted to examine active travel, residential location of participant in terms of study area, and time period (pre or post intervention). The stage was taken as the unit of analysis, and the analysis modelled the likelihood of a stage being 'active' by regressing the binary outcome variable for each stage (active yes/no) on the explanatory variables including area and time (and later including the interaction of area and time-period). Models were firstly performed without covariates and then adjusted for age, gender, health status and employment; due to the small numbers of stages by study areas these covariates were dichotomised (a description of original and dichotomised variables are included in Additional file 1: Table S2 ). Models take account of clustering of journey stages within individuals. Individuals were weighted to correct for differences in selection probabilities between areas of Scotland, the number of adults in different sized households, and days on which people were available for interview. Analysis was performed weighted and un-weighted with no substantial differences in the main outcomes or messages or the results, however weighting provided a better representation of the 16 to 24 age group when compared to the 2011 Scottish census for the same area; therefore all analyses presented in the manuscript were weighted.
Comparing changes in active travel over time between areas
Interactions formally assess between area differences in change over time in terms of odds ratios (OR) for active travel from the baseline reference category of Glasgow and surrounding authorities at the premotorway time-period (2009-10). Differences in change between areas may suggest an intervention effect. Predictive margins of active travel are described for the pre and post intervention time period and differences between the predictors of active travel reported. This approach was used for the interaction using the margins commands and accounts for the different distribution of confounders in each group. Significance is assumed at the 5 % level. Analysis was performed in STATA/SE 14.0.
Sensitivity analysis (reference population and journey distance)
Two sensitivity analyses were performed (Additional file 2: Table S1 ).
Firstly, we examined the effect of using an alternative and smaller reference boundary in the multivariable analysis. This definition comprises Glasgow City only and excludes the surrounding Local Authorities used in the main analysis (North Lanarkshire, South Lanarkshire, East Renfrewshire, Renfrewshire, West Dunbartonshire and East Dunbartonshire).
The purpose of the second sensitivity analysis is to assess the extents to which including or excluding journey stages that were either certain or unlikely to be 'active' impacted on our results. For example, a journey over 6 km in distance is likely to be made using a motorised transport mode. We examined the effect of assessing journey stages for which there may reasonably have been a 'choice' of mode. This used the following four definitions:
[a] All stages: All stages regardless of distance travelled.
[b] All stages greater than 0.5 km (kilometre): Stages so short a distance that it is reasonable that they could only be walked or cycled were excluded.
[c] Stages less than 5 km only: Stages that were of such a long distance that they are likely only to be walked or cycled by enthusiasts were excluded. And 
Results
Participant characteristics
During the period 2009-10, 3706 participants in Glasgow and its surrounding authorities completed a SHS travel diary; 43.9 % (n(number):1627) males (Table 1) . A greater number of travel diaries were completed during the latter time 2012-13 period (n:4205). Similar proportions of surveys were completed by males and females in each of the study areas for both time periods and no changes in the proportion of diaries completed by either gender were seen by either study area or time period. The majority of participants were aged 25 to 59 (2009-10: 60.7 % and 2012-13: 60.0 %), providing a representative population (compared to 2011 Scottish Census data) [17] . Weighted populations of the 16 to 24 age group show differences between 0.2 and 1.2 % by study area compared to 2011 Scottish Census.
Over half of participants were either employed, in education or training Table 1 ; the mean number of stages completed during the previous day was 2.1 and ranged between 1 to 14. Individual characteristics of population, individuals may make more than one journey
Changes in active travel over time Journey stages using active travel
The total number of stages included in 2009-10 by study area were South (n:435), East (n:477), and North (n:541). There were more stages included for 2012-13: South (n:543), East (n: 560), and North (n:593). The probability of a stage being made 'actively' increased in all study areas (Fig. 2) . Although these graphs display wide confidence intervals, they show that there were increases in actively travelled journeys and that these increases were of a similar magnitude across all three study areas, and Glasgow and surrounding authorities. The proportion of active stages is shown in Table 2 .
Comparing changes in active travel over time between areas Likelihood of journey stages using active travel 2009-10 to 2012-13
The likelihood of an active stage was modelled for the periods 2009-10 and 2012-13 for each study area against the reference category Glasgow and surrounding authorities (Table 3 ). There was little difference in the odds ratio (OR) of an active stage compared to Glasgow and surrounding authorities for the South (intervention) and East (comparator area) by time-period both in the unadjusted and adjusted models (adjusted for age, gender, employment and health status). The North study area, containing no motorway, showed significantly higher active stages compared to Glasgow and surrounding authorities in both the adjusted and unadjusted models for the more recent time period (OR:1.79, p = 0.003).
When the analyses were repeated to examine whether stage length (i.e. if the stage could plausibly be made using active travel) influenced the likelihood of an active stage, the sensitivity analysis provided no changes in the results (Additional file 2: Table S1 ). Similarly, no between study area differences were found using an alternative reference category of 'Glasgow City'.
Interactions of time-period and study area as predictors of active travel showed that the South (intervention) and North (Control) had an increased odd ratio of an active stage during 2012-13 when compared to Glasgow and its surrounding authorities in 2009/10 ( Table 4) .
Discussion
Summary
The aim of our study was to describe (a) recent changes in active travel over time and, (b) whether the opening of the M74 extension in Glasgow produced any between area differences in change compared to journeys completed in a comparator, control and wider city area. We found increases in the proportion of journey stages made using active travel from 2009-10 to 2012-13 for all study areas and both Glasgow and surrounding local authorities, and Glasgow City. There was no significant change in the likelihood of a journey stage being 'active' for people living near the M74 extension compared to Glasgow and surrounding authorities, and in a comparator area. There were small increases in the proportion of stages using active travel and the probability of a stage being made actively. 
Therefore in evaluating whether the opening of the M74 extension had an effect on active travel in the local area: we found no clear evidence that the M74 extension alone had either increased or decreased actively travelled journey stages in the local area. Increases in active travel were more likely due to changes in active transport for the region as a whole.
Comparison with existing literature
The potential effects of the M74 extension on local residents were considered prior to its construction [16] and described in terms of two 'extreme case' vignettes; a virtuous and vicious spiral. In relation to active travel the virtuous cycle proposed that the new motorway extension could lead to reduced traffic on local roads; making conditions more pleasant for pedestrians and cyclists, and encouraging opportunities for physical activity to increase. Alternatively, the vicious spiral hypothesised increased traffic on local roads may encourage people to travel both further and by car, that the motorway and junctions would degrade the local environment making it less pleasant or safe for cyclists and pedestrians, and that opportunities for physical activity as well as wellbeing of local people would decline. The active travel data alone suggest that neither of the two hypothesised spirals of extreme effects have been realised. Indeed, our results showed that there was no indication of change either way.
Cross-sectional surveys conducted in three areas of the UK (Cardiff, Kenilworth and Southampton) prior to new walking and cycling infrastructure described that for obligatory journeys people tended to choose the fastest mode of transport available to them [18] . This is often because motorised transportation and longdistance journeys are negatively associated with active travel [18] . While the M74 extension did have potential to reduce journey times by moving traffic onto a quicker free flowing motorway and increase journeys made by car, this has not produced an immediate negative impact on actively travelled journey stages made by local residents. However, our analysis did not consider the citywide impact of the motorway on active journey stages by comparing Glasgow to other urban towns and cities in Scotland. This is currently underway.
A stimulating built environment around the home containing interesting things to look at increases the likelihood of physical activity [19] . It is doubtful whether the M74 extension, which is overhead and imposing in places, fits this definition. Nevertheless, journey stages completed actively in the area did not decline but remained stable with small, albeit non-significant, increases in the proportion of active journey stages. These increases were consistent with other areas of the city when compared to Glasgow and surrounding authorities.
The results presented in our study showed increases in stages being made actively from the period 2009-10 to 2012-13 in Glasgow and surrounding authorities, and all three of our study areas. In England between the periods 2012-13 to 2013-14 there were no countrywide increases in cycling and walking, however there were regional differences in uptake and 35 local authorities reported significant increases in the proportion of local people who cycled one or more times a week [20] . The England and Wales Census in 2011 showed that for the first time participation in cycling and walking had stabilized rather than continuing a downward trend, and that both cycling and using public transport showed small increases in participation [21] .
In encouraging people to build physical activity into their daily lives it has been suggested that tackling environmental, structural and financial barriers to active travel should be prioritised [22] . In the area surrounding the new M74 extension there were no specific investment or promotion interventions which aimed to increase active travel. This could be considered as the key explanatory factor as to why the new M74 extension did not produce any increase in journey stages made actively by people living near the M74 extension compared to people living near existing transport structures and the wider city region.
New urban motorway infrastructure in the UK is rare; therefore both the anticipated and true impact of the M74 extension on active travel is unknown; arguments made during the consultation phase lacked a clear evidence base. Construction provided a unique opportunity to conduct a natural experiment to understand the impact of the M74 extension on active travel behaviours of local residents. This evidence will have significant importance for future urban transport developments both in the UK and other nations world-wide.
Strengths and weaknesses
There are important strengths and weaknesses in the study design which should be considered when drawing final conclusions. The SHS travel diaries are part of an on-going repeat cross sectional survey which includes a large randomly selected and representative population. To describe between area differences in active journey stages between areas of Glasgow and surrounding authorities, individuals were assigned to one of three study areas based upon whether their residential intermediate zone was fully or partially located within a study area. This method is not as accurate as assigning a person to an area using a full postcode as sometimes these intermediate zones cover large geographic areas. Due to data protection concerns, the data we obtained did not include precise postcode locations to allow matching [16] . The main analyses were also limited in terms of final sample size and consequent statistical power.
The SHS travel diary dataset collects information for all stages of a journey undertaken between the ultimate start and end destination of a journey. This allowed us to analyse stage data and increase the final numbers included in our analysis. The SHS calculated journey distances using straight line linear distance between two postcode points. This may under report the true distance of a journey where routes cannot follow this path and are usually longer.
The likelihood of a stage being made either by foot or cycled may largely depend upon the distance travelled and longer stage distances are negatively associated with active travel [18] . A recent study included only stages that had a 'reasonable transport mode choice' defined as over 0.5 km and under 5 km when measuring the likelihood of active travel [23] . This assumed that most people will ordinarily walk or cycle a journey under 0.5 km in distance and, unless a cycling or walking enthusiast, would not ordinarily walk or cycle a distance over 5 km. The analysis presented in the main body of our paper did not include any stage distance parameters but within our sensitivity analysis we applied a number of different parameters. When applying these parameters they had little impact on the overall messages and results of the analysis. 
